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Test of 3%/50 AA Projectiles with Copper
Welded-Overlay Rotating Bands

[P © EARTA

SYNOPSIS

 1. The purpose of this test was to compare.metallurgical and
" physical propertias and ballistic performance of 3#4/50 Mk 33

Mod O AA Projectiles having copper walded-overlay bands with
the characteristics of standard Mk 33 Mod O projectiles having
conventional bands, : o

A

2, It is concluded that:

8¢ The copper welded-overlay projectiles showed slightly
better band engraving than the standard projectiles when fired
from a new gun at either proof or service pressure,

) be 1In.a worn gun, the standard projectiles showed slightly
better band engraving than the overlay projectiles at service

‘pressure, although both overlay and standard bands failed at

proof pressure,

"3 The cavity deformation under the band was somewhat greater

for the overiay projectiles than for the standard projectiles when
fiiqd at both proof and service pressure from both new and worn
gunse o

Le The metallurgical and physical examination disclosed that the
overlay bands had picked up 4.5% to 8,5% iron from the projectile

during weldinge. This accounts for the hard spots that were found

in the band hasrdness testinges It is believed thac these hard .
spots (glohyles of steel) in the copper would increase gun weare

5, Range firing of both copper welded-overlay and standard band
projectiles produced approximately equal results when fired from
both new and worn guns, o

6. The bore and flight safety tests conducted on copper weided-
overlay projectiles fired from both new and worn guns produced
satisfactory results,
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INTRODUCTION

| | l
1 1. AUTHORITY: | g .
| This program was authoriged by reference (a). I %.
2. REFERENCES: w Voo !

' - a¢ BUORD ltr Re3b=MAS:lad Ser 15371 of 25 Apr 1952 A
. to NAVPROV , |
be BUORD Drawing No. 563840 of Stde 37/50 AA Mk 33 |
Mod O Projectile ‘ i
ce FoneCon BUORD (Re3b) with NAVPROV of 6 Aug 1952 .
de NPG Ranging Data Sheet No, 2661 o
{ ee NPG Ranging Data Sheet No., 2662 .
| fo BUORD Restr ltr Re3b-MRH/MAS:mt S578-1(54) Ser 16746 [
of 15 Aug 1952 ‘

3+ BACKGROUND:

PURNER

The welded-overlay method of rotating band application has -
attracted considerable interest since its development ‘was initiated i
by Frankford Arsenal, Briefly, it consists in applying an electric
weld bead of band material to the periphery of the projectile, under o
an inert atmosphere, and machining the bead to the desired band !
- contour. Its advantages include a considerable saving in band
material, which would promote conservation of strategic metals, and
the elimination of the band seat, which is a point of weakness,
particularly in armor-piercing projectiles,

The welded-overlay method is not the only possible means by
which a welded band may be applied to the projectile, Excellent
results have been obtained on small samples subjected to pressure

welding, and further investigation of such processes appears to be
in order,
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Le OBJEGT OF TEST:

The object of this tegt was to compare matallurgical results,
physical properties and ballistic performance of 3%/50 Mk 33 Mod 0
projectiles having copper welded-overlay bands with the properties
of standard Mk 33 Mod O projectiles,

5« PERIOD OF TEST:

a¢ Date of Directive i 25 April 1952
be Date Commenced Test | 13 May 1952
ce Date Test Completed 9 Septamber 1952
/
PART C |

DETAILS OF TEST

6. DESCRIPTION OF ITEMS UNDER TEST:

as 3"/50 AA Mk 33 Mod O projectiles, without band seats,
having a deposition of unalloyed copper weld metal in the band
pcaition, and machined to the standard 3%/50 Mk 33 Mod 0 band

.contour, were supplied by the Youngstown Welding and Englnaering

Company.

b, Standard 3%/50 Mk 33 Mod O projectiles manufactured by
Lansdowne Steel and Iron Company were in accordance with refer~ -
ence (b),

ce Standard prdJectilea used in the comparative ranging test
with copper welded-overlay projectiles were manufactured by Mullins
Company in accordance with reference (b), and stenciled Mk 33-0.

7. DESCRIPTION OF TEST EQUIPMENT:

a, The new gun used in this test was a 3"/50 Mk 21 Mod O,
Barrel No, 7418, Th.s gun has conventional rifling of 0¥03
constant depth, uniform twist 1/32. At the beginning of the test,
this gun had 455 ESR and 09037 origin enlargement,
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‘'bs The worn gun used in this test was a 3"/50 Mk 22 Mod O,
Barrel No., 8889, This gun has conventional rifling of 0OV03
constant depth, uniform twist 1/32, and is identical with the
Mk 21 Mod 0 except for external dimensions, At the beginning of
the test, this gun had 2861 ESR and OY115 origin enlargement.

8« PROCEDUREjS

Eight (8) projectiles, four (4) with copper welded-overlay and
four (4) with standard bands, were fired for recovery at service
and proof pressure in the new 3"/50 gun. Eight (8) projectiles,
Sour (4) with copper welded~overlay and four (4) with standard
bands, were also fired at proof and service pressure in the worn
gune The projectiles were fitted with flat nose plugs (Figure 17),
and Epsom salt loaded to a total weight of 13 pounds, All projec-
tiles were stenciled with Naval Proving Ground numbers to facille
tate identification, A photograph of an unfired projectile is
tncluded as Figure 1, After-firing, photographs of each round
appear as Figures 2 through 16, Measurements were taken of the
cavity diameters and overall lengths before and after firing to
determine the degree of deformation, Velocities, copper crusher
gage pressures and spin measurements were takén, Spin was measured
by the wire-impression method (Appendix (D)Je All rounds were
rubber crimped in the cases and three yaw cards were used to check
the projectile flight, :

Comparative range firings of Mk 33-0 pfojectilea with copper
welded~overlay and standard rotating bands were also performed in
both new and worn guns,

Mk 33~0 projectiles with welded~overlay bands were tested for
bore and flight safety in both new and worn guns in accordance
with reference (). : ‘

Two (2) projectiles with copper welded~overlay and two (2)
projectiles with standard copper bands were sectioned for metalw
lurgical and physical testinges The projectiles were ocut in half,
ground and macro-~etched, and miocrospecimens were taken from the
band sections The hardness distribution on a longitudinal center
saction of each was determined, also complete hardness surveys
were made on the deposited weld metal, the heat-affected base
metal and the shell in generals Special attention was paid to
the hardness of the overlay at the level of the bourrelet, This
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was indicative of the hardness encountered by the rifling of the

gun barrel at the deepest region of engraving during firing.

Rockwell (F) hardness readings were taken on the periphery of the
» overlays after machining to the normal band diameter, Drillings
3 from ths welded band were taken for chemical analysis, The
Rockwell (F) scale was used for a general survey of the band, but
the Diamond Pyramid Hardness ecale (DPH) and Knoop Hardness Number
wers employed for the weld and surrounding region because of the
‘‘mportance of getting several readings within a small area,

For macrostudy, projectile sections were surface-ground,
cleaned, and stched in ammonium persulfate solution, Microspeci~
mens of the weld aArea were prepared in the normal manner and etched

with nital, picral and ammonium hydroxide, plus hydrogen peroxides

9 HsSULTS AND DISCUSSION:

Complete before and after recovery firing data are given in

. Tables I and II (Appendix (A))s The results from the four (4)

projectiles with copper welded-overlay and four (4) projectiles

» with standard bands fired from the new gun are reported in Table I,

' 2411 rounds fired from this gun (See Table I, Appendix (A), for

8 sesulis) showed good flight to the recovery bin with only slight

s yaw, good spin, no fringing and uniform pressure and velocitye

A The recovered projectiles (Figure 2 to Figure 9, inclusive) indi=

- cate that the weldedmoverlay bands had slightly better engraving,

3 and that the cavity deformation under the band was greater than

recorded for the standard projectiles, although not so great as

to be alarminge. The increase in deformation under the band cavity

" of the welded-overlay can be attributed to the softening of the

. projectile wall from the heating and cooling during the welding

lk process. It was noted that excessive body engraving appeared on

t' the standard progectilea fired at proof pressure.,, The results

» from the four (4) projectiles with copper welded-overlay and

?i - four (4) with standard band fired from the worn gun ars reported

3 in Table II, All rounds fired from this gun (See Table II,

I} Appendix (A), for results) showed slight yaw, no fringing, and
uniform pressure and velocity, Good spin was noted on both averw

1 lay and standard projectiles fired at service pressure, although

}f a decrease in spin was obtained with both types of projectiles

! when fired at proof pressure. The recovered projectiles (Fig-
[ ures 10 to 16, inclusive) indicate the standard projectiles have
slightly better band engraving when fired at service pressure,
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Welded~Overlay Rotating Bands

3

31though both types of bands failed when fired at proof pressure,

Cavity deformation under the band was again greater with the copper

welded~overlay bands, :

Comparative ranging data of Mk 33-0 projectiles with overlay
and standard bands are reported in Tables II and IV, Appendix (A).
It is noted that ths range results are approximately equal for
both types of bands when fired from both new and worn guns,

The bore and flight safety test datd of 3"/50 welded-overlay
projectiles fired in both a new and worn gun are reported in
Table V, Appendix (A), Observation of the results reported indi~
cate the welded-overlay projectiles tested for bore and flight
safety proved satisfactary.

Metallurgical, chemical and,physical tests conducted on the
sectioned projectiles produced the following results: Ths welding
rod used consisted of essentially vnalloyed copper. An investi-
gation of the chemical analysis of the band material after deposi=
tion revealed the existence of steel in various amounts entrapped
in the copper band, as illustrated in Figure 18, Microscopic
examination revealed the entrapped steel to be of 8 hard martensitic
structure (Figure 19). This accounts for the hard spots that were
found in the band during the hardness testinge It is believed

these globules of stesl will cause increased gun wear, Microscopic.

examination of the heat-affected base metal indicated the existence
of a hard martensitic area (Figure 20) adjacent to the weld zone
produced as a result of the welding process, This is further
illustrated from a comparison of the hardness distribution on the
longitudinal center sections (Figure 21 and Figure 22) of the
copper welded~overlay and standard band, To complete the hardness
data, a section consisting of deposited weld metal, the heat-

{ affected zone, and the shell body was surveyed with & Tukon Hard=-
ness Tester using a Knoop Indenter (See Figure 23 for results).

A photomacrograph and a photomicrograph of an overlay cross-~
section (after machining) are shown in Figure 24, The fusion of
the copper to the steel looked complete,

Further thought should be given to the possibility of heat~-
treating the shell after the band has been deposited, This method
could prove to be a most effective means of:

a, Decreasing the hardness of the entrapped steel globules in
the deposited band material,
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5§j b, Avoiding the heat~affected zone caused by the welding
process, ,

cse Decreasing the band eavity deformation by eliminating the
12 soft section of the projectile wall,

PART D

ONCLUSIQN

St oW T AL L i 17

10e It is concluded that: H

a, Tﬁe copper welded-overlay projectiles showed slightly
better band engraving than the standerd projectiles, when fired .
from a new gun at either proof or service preasure.

be In 8 worn gun, the standard projectiles showed slightly
better band engraving than the overlay at service pressure,
although both overlay and standard bands failed at proof pressures

¢e The cavliiy deformation under the band was somewhat greater
with the overlay projectiles than with the standard projectiles
when fired at both proof and service pressure from both the new
and worn guns, ;

TRV S 3 N % OIS P

ds The metallurgical and physical examination disclosed that .
the overlay bands had picked up Le5% to 8,5% of iron from the
projectiles during weldings This accounts for the hard spots that
were found in the band during hardness testing. It 1is believed
that these hard spots (globules of steel) in the copper will cause
increased gun wear,

- b, M

e, The bore and flight safety tests conducted on copper .
welded-overlay projectiles fired from both new and worn guns ]
produced satisfactory results.

fs Range firing of both copper welded-overlay and standard
band projectiles produced approximately equal results when fired
from both new and worn guns,
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He RISCHALL, Metallurgist
Terminal Ballistics Department
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NP9-50962 20 June 1952 AANRIDTMTTAT

SECURTTY INWCRMATION
Photograph of 3"/50 AA Mk 33 Mod O projectiles, with standard

cop:er band {left) and copyer welded overlay band (risht),
before firing.

Flgure 1




NP9-50963 27 June 1952 CONFIDENTTAT
SHCURITY INFCRMATTION
Three views (120° apart) of recovered 3"/50 AA Nk 33 Mod O
projectile with standard band. Projectile No. 1422,
Filgure 2
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NP9-50964 27 June 1952 CONFIDRNTTAT,
SECURITY INFORMATICN
Three views (120° apart) of recovered 3"/50 AA Mk 33 Mod O
projectile with standard band. DProjectile MNo. 1423.
Figure 3




NP9-50965 27 June 1952 SONFINTNTIAL

t Th . ] SRCURTTY INFORMATION
ree views (120 apart) of recovered }"/50 AA Mk 33 Mod 0

| Projectile with standard band., Projectile No. 1424.

) Fipure 4
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NP9-50966

27 June 1952 CONPINWMTIAY

h SECURTTY INFORMATTON
ree views (120° apart) of recovered 3"/50 AA Mk 33 Mod O
pProjectile with standard band. Projectile No. 1425,

Figure 5
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NP9-50967 27 June 1952 CONFINTNTTAT
IRAURTTY TNFORMATION
Three views (120° apert) of recovered 3"/50 AA Mk 33 Vod O
projectile with welded overlay band. TProjectile No. 1430.
Fizure 6




NP9-50968 27 June 1952 AONFIIVRTTAL
SECURITY INFORVMATTON
gggzec:iewa (120° apart) of recovered 3"/50 AA Mk 33 Nod 0
ectile with welded nverlay band. [Projectile No. 1431,
Figure 7




NPG-
9-50969 27 June 1952 CONPIDTNTTAL
T o SECURITY INFORMATION
pﬁiﬁzcli‘{““ (120° apart) of recovered 3"/50 AA Mk 33 Nod 0
e with welded overlay band. Projectile No. 1432,
Figure 8
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NP9~50970 CONFIDENTIAT
27 June 1952 SECTIRTTY INFORMATION

views (120° apart) of recovered 3"/50 AL Mk 33 ¥od O

tile with welded overlay band. Projectile No. 1433.
Figure 9
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Thre S ~ONPTNENTTAT
® view: - SROURTTY INFORVATION
a (120° apart) of recovered 3"/50 AA 33 Vod O

ro
projactile with standard band. Projectlle No. 11,26,
Figure 10

NP9~
9-50971 6 August 1952




CONFINTNTIAL
Th . SECURITY INFORVATION
res views (120° apart) of recovered 3"/50 AA Mk 33 Mod O

projectile with standard band. Projectilse No. 1427,
Fipgure 11

NP9-50972 _ 6 August 1952
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NPo-50 ‘ 2 CONFIDF;?\
9-50973 6 August 195 aRCURITY INTCR! ATTON
Three views (120° apart) of recovered 3n /50 AA Mk 33 Mod ©
prof tile with standard band. PPO.‘BCTA 1e No. 1429.
Figure 12
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NP9-50974 6 Aupust 1952

Three views (120° apart) of recovered 3"/50 AA

projectile with welded overlay bund.
Fipure 13

CONFTNFNTTAL

SECURITY INFORMATION

Projectile No.

Mk 33 Mod O

1434 .




NP9-50975 6 August 1952 CONFINTTTAIL
SRCURITV TNFORMATION
Three views (120° apart) of recovered 3"/50 AA Mk 33 Mod O
prcjectile with welded overlay band. ProlJectile No. 1435.
Fleure 14




NP9=-50976 6 August 1952 CONFIDWNTTAT
SECURITY INFORMATION
Three views (120° apart) of recovered 3"/50 AA Mk 33 Mod O
projec tile with welded overlay band. Projectile No. 1436.
Figure 15




—

NP9-50977 6 August 1952 CONPIDENTIAT

SECURITY INWORVWATION
Three views (120° apart) of recovered 3"/50 AA Mk 33 Mod O
projectile with welded overlay band., Projectile No. 1437.

Figure 16
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CONFIDENTIAL NPG REPORT NC. 1077

Test of 3"/50 AA Projectiles with Copper
Welded~Overlay Rotating Bands
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(A) Structure of deposited copper weld metal,
note globules of entrapped steel,
NH’*OH + H202 etch ~ 500 X Mag.

(B) Hard martensitic structure of entrapped
steel, Nital Etch 1000 X Mag,

NPO-~50985 Microstructure of deposited weld metal,
CONFIDENTIAL
SECURITY INFORMATION Figure 19 APPENDIX ¢©
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CONFIDENT IAL NPG REPORT NO. 1077

Test of 37?/50 AA Projectiles with €opper
Welded~Overlay Rotating Bands
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(C) Center of Shell (23-§c)

NP9=50986 "is welded® copper overlay on
3%/50 AA Shell. Photomicrographs 1000X
Nital Etch,

CONFIDENTIAL
SECURITY INFORMATION Figure 20 APPENDIX C
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NPS 49080 ‘ .

JUNE 1952

HARDNESS DISTRIBUTION AND MACROSECTION OF

3750 AA MK 33 MOD O PROJEGTILE WITH
WELDED GCOPPER OVERLAY BAND

Hardness Values: Vickers Pyramid -—— Body (20kg.) Band

Etch: Ammonium Persulfate

CONFIDENTIAL
Security Information

(10kg)




NF9 49079 . . JUNE 1952

HARDNESS DISTRIBUTION AND MACROSEGTION OF
3750 AA MK 33 MOD O PROJECTILE
WITH STANDARD GCOPPER BAND P

‘. 4

Hardness Values: Vickers Pyramid — Body (20kg) Hand (10kg)
Etch: Ammonium Fersulfate
CONFIDENTIAL
Security information
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CONFIDENTIAL NPG REPORT NO, 1077 o

Test of 3%/50 AA Projectiles with Gopper
Welded=-Qverlay Rotating Bands

e AB e dn W e A Ey S Sm W P SR A A Ma W B A W B W AN B Gm an W S0 B W e e

(A) Photomacrograph of cross section of shell in vicinity of
the band, Magnification 2X Persuylfate etch
(0) indicate the position of photomicrograph below.

v

et e . - 3 ¢ . ‘.'.

(B) Structures related to weld metal, weld zone and heat~affected
/ zone, 100X Nital Etch.

NP9-50988 Photomacro and micrograph of eross section of
welded overlay band,

CONFIDENTIAL
SECURITY INFORMATION Flgure 24 LAPPENDIX C




CONFIDENTIAL NPG REPORT NO. 1077

rest of 37/50 AA Projectiles with Copper
Welded-Overlay Rotating Bands

-—----—-—u-—-n.—--——---o—m-———-—-n--

Wire Impression Method of Determining Spin

Two screens are set up 41¥5 apart, each screen consisting
of a metal frame with wood inserts, holding an array of parallel
equidistant vertieal copper wires. The spacing of the wires is
1/2% for the first screen and 3/4% for the second, The projesctile
is fitted with a flat-ncsed dummy nose plug or the equivalent, so
that after passing through the screens it bears two sets of impres~
\ sions of the wires. The angle between the two sets of impressions
is measured and from this measurement the rifling of the gun, the
muzzle velocity, and the velocity at the spin screens, is computed
the percentage of nominal spine It is assumed that over the short
distances involved the spin retardation is negligible,

CONFIDENTIAL
SECURITY INFORMATION APPENDIX D
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CONFIDENTIAL NPG REPORT NOo. 1077

Test of 37/50 AA Projectiles with Copper
Welded-Overlay Rotating Bands
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